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Doing the same thing over and over
again expecting different results

Albert Einstein

Insanity 



Palmer Amaranth

- ALS (Group 2)
- DNA (Group 3)
- Glyphosate (Group 9)
- PPO (Group 14)

You can’t grow Roundup Ready or 
conventional soybean in this field!!



Photo: 8/5/12
L. Sandell

WaterhempBURNDOWN:
Durango (36 oz) + 
Valor (2 oz) + Prowl 
H20 (1 pt) 

POST:
Durango (48 oz)

POST:
Flexstar GT (44 oz) + 
Durango (16 oz)

POST: 
Cobra (12 oz) + 
Resource (5 oz)

Interrow  Cultivation

POST:
Ultra Blazer (1.5 pt)

Herbicide Cost: $94/A 

ALS, PPO, Glyphosate Resistance



Label expires November 9, 2018



Restrictions on the XtendiMax 
Label that Contradict Resistance 

Management
1. Wind speed (3 to 10 mph)

2. Ground application only

3. Can’t spray if rain is in 24 hour forecast

4. Only TTI 11004 nozzle - optimized for drift 
reduction but not weed control

5. No tank-mixtures currently approved

6. Two buffers – Sensitive area, Susceptible crop



Wind Speed 3-10 mph
(Eastern Arkansas 2010-2012)

7:00 AM to 7:00 PM; 5 min readings
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• Does not include field conditions not suitable for ground applications
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				Gust < 10 mph		<3 and >10 mph

		April		47		7

		May		57		9

		June		63		12

		July		79		13











Will Xtend crops be our first 
opportunity to use dicamba in a 
row crop?

•Corn?

How much residual weed control does 
dicamba provide in corn?

Has dicamba been promoted as a 
residual herbicide in corn?



Length of Residual
Palmer amaranth Control

10 site years

- Residual control with 2,4-D = Dicamba
- Neither herbicide provides lengthy residual


Chart1

		Dicamba (1x)		0.3		0.4

		Dicamba (2x)		0.2		0.3

		2,4-D (1x)		0.3		0.4

		2,4-D (2x)		0.3		0.5



Series 1

Weeks >75% Control

2.8

3.4

2.5

3
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				Series 1		Series 2		Series 3

		Dicamba (1x)		2.8		2.4		3.1				0.4		0.3

		Dicamba (2x)		3.4		3.1		3.6				0.3		0.2

		2,4-D (1x)		2.5		2.1		2.8				0.4		0.3

		2,4-D (2x)		3		2.5		3.3				0.5		0.3

		2,4-D (2x) + S-metolachlor		4.5		4.1		4.9				0.4		0.4

		2,4-D (2x) + Metribuzin		5.6		4.8		6.9				0.8		1.3

		2,4-D (2x) + S-metolachlor + Metribuzin		8		7.4		8				0.6		0

		Isoxaflutole		5.6		5.1		6.3				0.5		0.7

		Isoxaflutole + S-metolachlor		8		8		8				0		0

		Isoxaflutole + Metribuzin		8		8		8				0		0

		Isoxaflutole + S-metolachlor + Metribuzin		8		8		8				0		0

		Pyroxasulfone		8		8		8				0		0

		Flumioxazin + Pyroxasulfone		8		8		8				0		0

		S-metolachlor + Mesotrione		8		8		8				0		0

				To update the chart, enter data into this table. The data is automatically saved in the chart.







Last herbicide application: DiFlexx



Sublethal Selection for
Dicamba-resistant Palmer Amaranth

F0 – Unselected Population F3 – Selected Population

16 oz/A Clarity



Dicamba
• 75% pigweed control if sprayed at 

labeled rates on 4 inch pigweed
• Repeat applications controlled 50 to 75% 

of the escapes
• Programs using PRE residuals and repeat 

dicamba applications can look good
• Going to struggle on glyphosate- & PPO-

resistant populations
• Grower expectations higher than reality



Control of Glyphosate-Resistant 
Waterhemp with Dicamba
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		6 inch		6 inch

		12 inch		12 inch



16 oz/A Clarity

16 oz/A Clarity + 22 oz/A Roundup WMax
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				16 oz/A Clarity		16 oz/A Clarity + 22 oz/A Roundup WMax

		3 inch		26		62

		6 inch		27		40

		12 inch		22		30







Palmer Amaranth Control 
(Fayetteville, AR)
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		Glufosinate 29 fl oz		Glufosinate 29 fl oz		Glufosinate 29 fl oz		Glufosinate 29 fl oz

		2,4-D 32 fl oz		2,4-D 32 fl oz		2,4-D 32 fl oz		2,4-D 32 fl oz

		Dicamba 16 fl oz		Dicamba 16 fl oz		Dicamba 16 fl oz		Dicamba 16 fl oz



8 DAA

16 DAA

22 DAA

29 DAA

95.5

93.8

88.8

87.5

68.8

63.8

83.8

78.8

60

50

65

62.5



Sheet1

				8 DAA		16 DAA		22 DAA		29 DAA

		Glufosinate 29 fl oz		95.5		93.8		88.8		87.5

		2,4-D 32 fl oz		68.8		63.8		83.8		78.8

		Dicamba 16 fl oz		60		50		65		62.5







1 pt/A Dual Magnum PRE
12.8 oz/A Engenia POST1
12.8 oz/A Engenia POST2



Live and Dead Plants 21 DAT

Must be investigated by the company for possible resistance





2.5 oz/A Zidua + 8 oz/A Tricor (metribuzin) PRE
29 oz/A Liberty + 32 oz/A Prefix POST



Glufosinate
• Most effective postemergence option for 

glyphosate & PPO-resistant Palmer 
amaranth and waterhemp control in 
soybean
• Apply prior to 4 inches
• Needs to be in a program

• Residual at planting

• Tank-mix partner postemergence



Antagonism increases as grass size increases


Chart1

		Roundup

		Roundup + Dicamba



10 GPA

Percent Control

98.4506560218

94.173163018
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				10 GPA						10 GPA

		Roundup		98.4506560218						1.446		98.4506560218

		Roundup + Dicamba		94.173163018						1.327		94.173163018
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Coarse Ultra Coarse
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		TT

		AIXR

		TTI



10 GPA

Percent Control

95.6

93.6

87.4
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				10 GPA						10 GPA

		TT		95.6						1.415		97.592325477

		AIXR		93.6						1.399		97.0775240185

		TTI		87.4						1.336		94.5876347912

												0

												0







Roundup Roundup + 
Dicamba

Perfect scenario for developing glyphosate-resistant grasses 



% Spray Coverage
TTI (Ultra Coarse)

42%

39%

AIXR (Coarse)

69%

75%

10
GPA

20
GPA



Soybean Cotton

Treated Soil

Artificial Comparison:
- Confined space
- High temp. & RH
- Relative comparison

2,4-D and Dicamba Volatility Study



Volatility Study
(Soybean)

* All treatments contained glyphosate
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The risk for physical drift is greater than vapor drift



Grain sorghum

Corn

Soybean

Cotton

0.7 to 3 mph



Volatility of DGA Dicamba on Soybean



Pod Malformation
(Dicamba Drift During Reproductive Development)



Aaron Palmer
Arkansas State Plant Board, Seed Lab Mgr.



Offspring following dicamba drift

Dicamba drift None



How far will particles go?
Droplet Diameter

(in µm)
Time to fall

5 ft
Travel distance in 

3 mph wind

Fog 5 3,900 sec 8,000 ft

Very fine 20 125 sec 550 ft

Fine 100 5 sec 110 ft

Medium 240 3 sec 22 ft

Coarse 400 1 sec 4.2 ft

Fine rain 1,000 0.5 sec 5 ft

Source: Herbicide Spray Drift, NDSU Extension



Evaporation and Distance Traveled

Droplet 
Diameter
(microns)

Terminal 
Velocity
(ft/sec)

Time to 
Evaporate

(sec)

Distance 
from nozzle

(inches)
20 0.04 0.30 <1

50 0.25 1.80 3

100 0.91 7.00 9

200 2.4 29.0 25

Assumes: 90 F, 36% RH, 25 psi Kansas State University MF-2444

Drift research involving a single 
pass of a sprayer underestimates 
the risk for off-target movement!



Soybean Yield Reductions By Dicamba 
Application Rate 

(Averaged Over 6 site years) 

*

Fraction of dicamba rate applied: 
1 X = 0.5 lb ae/A or 1pt/A Clarity sprayed at R1
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		1/16 X
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		1/256 X

		1/1024 X

		0 X
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DICAMBA_TITRATION_YIELDRED

		

				Reproductive		45		A

				Vegetative		42		B

		16 fl oz.		1 X		99		A

		4 fl oz.		1/4 X		86		B

		1 fl oz.		1/16 X		56		C

		0.25 fl oz.		1/64 X		34		D

		0.0625 fl oz.		1/256 X		21		E

		0.0156 fl oz.		1/1024 X		10		E

		0 fl oz.		0 X		0		F

				Reproductive		46		A

				Vegetative		41		B

				1 X		99		A

				1/4 X		86		B

				1/16 X		59		C

				1/64 X		30		D

				1/256 X		20		E

				1/1024 X		10		E

				0 X		0		F





DICAMBA_TITRATION_YIELDRED

		



Aplication Timing

Percent Reduction

45 A

42 B



DICAMBA_TITRATION_INJURY%

		



Application Rate Applied

Percent Reduction

99 A

86 B

56 C

34 D

21 E

10 E

0 F



DICAMBA_TITRATION_HEIGHTRED

		



Application Timing

Percent Reduction

46 A

41 B



Dicamba_Timing_YieldREd

		



Fractional Rate Applied

Percent Reduction

99 A

86 B

59 C

30 D

20 E

10 F

0 G



Dicamba_Timing_Injury%

		14DAT														28DAT

		Rates		Injury (Veg)		Injury (Repro)										Rates		Injury (Veg)		Injury (Repro)

		0 fl oz		0		0										0 fl oz		0		0

		0.015625 fl oz		23		27										0.015625 fl oz		26		27

		0.0625 fl oz		31		27										0.0625 fl oz		35		31

		0.25 fl oz		33		31										0.25 fl oz		39		38

		1 fl oz		45		38										1 fl oz		52		44

		4 fl oz		83		73										4 fl oz		86		75

		16 fl oz		99		91										16 fl oz		98		93

				V3 Application		R1 Application												V3 Application		R1 Application

		1 X		99		91										1 X		98		93

		1/4 X		83		73										1/4 X		86		75

		1/16 X		45		38										1/16 X		52		44

		1/64 X		33		31										1/64 X		39		38

		1/256 X		31		27										1/256 X		35		31

		1/1024 X		23		27										1/1024 X		26		27

		0 X		0		0										0 X		0		0





Dicamba_Timing_Injury%

		



V3 Application

R1 Application

Fractional Rate

% Injury

A
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FG

G
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Dicamba_timing_HeightRed

		



V3 Application

R1 Application

Fractional Rate

% Injury

A

B

D

F

FG

H

I

A

C

E

F

GH

H

I



Timing Reduction Comparison

		

				Reproductive		41		A

				Vegetative		34		B

		16 fl oz.		1 X		91		A

		4 fl oz.		1/4 X		63		B

		1 fl oz.		1/16 X		44		C

		0.25 fl oz.		1/64 X		32		D

		0.0625 fl oz.		1/256 X		22		E

		0.0156 fl oz.		1/1024 X		10		F

		0 fl oz.		0 X		0		F





Timing Reduction Comparison

		



Application Timing

% Reduction

41 A

34 B



Titration Reduction Comparison

		



Fractional Rate Applied

Percent Reduction

91 A

63 B

44 C

32 D

22 E

10 F

0 F



2,4-D_Titration_YieldRed

		

		WAE		Yield Reduction																														GS		Yield Reduction

		1		7		EF																												VE		17		CDEF

		2		20		CD																												V1		10		EFG

		3		29		C																												V2		16		DEF

		4		42		B																												V3		27		CD

		5		54		A																												V4		40		AB

		6		51		AB																												V6		51		A

		7		28		C																												R1		47		A

		8		28		C																												R2		41		AB

		9		20		CD																												R3		32		BC

		10		15		DE																												R4		25		CDE

		11		12		DE																												R5		8		FG

		12		6		EF																												R5.5		5		FG

		13		0		F																												R6		4		FG

		14		3		EF																												R6.5		6		FG

		Untreated		0		F																												R7		3		FG

																																		UNTRT		0		G

		WAE		Yield Reduction

		1		7		EF

		2		17		CD

		3		26		C

		4		37		B

		5		47		A

		6		44		AB

		7		24		C

		8		25		C

		9		17		CDE

		10		13		DEF

		11		10		DEF

		12		5		F

		13		0		F

		14		2		F

		UNTRT		0		F





2,4-D_Titration_YieldRed

		



Weeks After Emergence

% Reduction

EF

CD

C

B

A
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2,4-D_Titration_Injury

		



Growth Stage

% Reduction

CDEF

EFG

DEF

CD

AB

A

A

AB
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FG
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2,4-D_Titration_heightRed

		



Weeks After Emergence

Percent Reduction

EF

CD

C

B

A
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C

C
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DEF

F

F

F
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2,4-D_Timing_YieldRed

		14DAT										28DAT

		TRT		% Injury								TRT		% Injury

		1		31		C						1		25		DE

		2		38		A						2		33		BC

		3		39		A						3		38		AB

		4		37		AB						4		42		A

		5		29		CD						5		40		A

		6		33		BC						6		40		A

		7		25		D						7		30		CD

		8		18		E						8		21		E

		9		8		F						9		8		F

		10		3		F						10		5		F

		11		3		F						11		1		F

		12		1		F						12		2		F

		13		0		F						13		4		F

		14		1		F						14		2		F

		UNTRT		0		F						UNTRT		0		F





2,4-D_Timing_YieldRed

		



WAE

% Injury

C

A

A
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2,4-D_Timing_injury

		



WAE

% Injury

DE

BC

AB
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A
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2,4-D_Timing_heightRed

		TRT		Reduction

		1		11		DE

		2		15		D

		3		22		C

		4		36		B

		5		47		A

		6		43		A

		7		24		C

		8		15		D

		9		6		EF

		10		4		F

		11		3		F

		12		4		F

		13		3		F

		14		3		F

		UNTRT		0		F





2,4-D_Timing_heightRed

		



WAE

% Reduction

DE

D

C

B

A

A

C

D

EF

F

F

F

F

F

F



		Height Reduction Timing										Yield Reductions Timing

		TRT		Reduction								1		7

		1		11		DE						2		20

		2		15		D						3		29

		3		22		C						4		42

		4		36		B						5		54

		5		47		A						6		51

		6		43		A						7		28

		7		24		C						8		28

		8		15		D						9		20

		9		6		EF						10		15

		10		4		F						11		12

		11		3		F						12		6

		12		4		F						13		0

		13		3		F						14		3

		14		3		F						Untreated		0

		Untreated		0		F





		



Height Reduction

Yield Reduction

WAE

% Reduction



		Height Reduction												Yield Reduction

				Reproductive		41		A								Reproductive		45		A

				Vegetative		34		B								Vegetative		42		B

		16 fl oz.		1 X		91		A						16 fl oz.		1 X		99		A

		4 fl oz.		1/4 X		63		B						4 fl oz.		1/4 X		86		B

		1 fl oz.		1/16 X		44		C						1 fl oz.		1/16 X		56		C

		0.25 fl oz.		1/64 X		32		D						0.25 fl oz.		1/64 X		34		D

		0.0625 fl oz.		1/256 X		22		E						0.0625 fl oz.		1/256 X		21		E

		0.0156 fl oz.		1/1024 X		10		F						0.0156 fl oz.		1/1024 X		10		E

		0 fl oz.		0 X		0		F						0 fl oz.		0 X		0		F





		



Height Reduction

Yield Reduction

Fraction Rate

% Reduction



		



Height Reduction

Yield Reduction



		

		Reproductive		18		A

		Vegetative		11		B

		1 X		48		A

		1/4 X		16		B

		1/16 X		7		C

		1/64 X		8		C

		1/256 X		5		CD

		0 X		0		D





		



Fractional Rate Applied

Percent Reduction

2,4-D Yield Reductions
By Application Rate

A

B

C

C

CD

D



		



Application Timing

Percent Reduction

2,4-D Yield Reductions 
By Application Timing

A

B



		14DAT														28DAT

		Rates		Injury (Veg)		Injury (Repro)										Rates		Injury (Veg)		Injury (Repro)

		0 fl oz		0		0										0 fl oz		0		0

		0.0625 fl oz		4		12										0.0625 fl oz		4		9

		0.25 fl oz		6		6										0.25 fl oz		7		7

		1 fl oz		15		11										1 fl oz		5		8

		4 fl oz		35		25										4 fl oz		23		16

		16 fl oz		62		45										16 fl oz		58		30

				V3 Application		R1 Application												V3 Application		R1 Application

		1 X		62		45										1 X		58		30

		1/4 X		35		25										1/4 X		23		16

		1/16 X		15		11										1/16 X		5		8

		1/64 X		6		6										1/64 X		7		7

		1/256 X		4		12										1/256 X		4		9

		0 X		0		0										0 X		0		0





		



V3 Application

R1 Application

Fractional Rate Applied

Percent  Injury

2,4-D Injury 14 Days after Application

A

C

E

GHI

HI

I

B

D

EFG

FGH

EF

I



		



V3 Application

R1 Application

Fractional Rate Applied

Percent Injury

2,4-D Injury 28 Days after Application

A

C

EF

EF

EF

F

B

D

E

E

E

F



				V3 Application		R1 Application

		1 X		39		25

		1/4 X		13		13

		1/16 X		5		7

		1/64 X		5		7

		1/256 X		3		10

		0 X		0		0





		



V3 Application

R1 Application

Frational Rate Applied

Percent Reduction

2,4-D Height Reductions

A

C

EF

EFG

EFG

G

B

C

DE

DE

CD

G



		

		WAE		Yield Reduction																														GS		Yield Reduction

		1		4		CD																												VE		8		AB

		2		10		AB																												V1		4		BC

		3		7		ABC																												V2		7		ABC

		4		10		AB																												V3		14		A

		5		11		A																												V4		14		A

		6		8		ABC																												V6		7		ABC

		7		10		AB																												R1		12		AB

		8		5		BC																												R2		10		AB

		9		6		BC																												R3		13		AB

		10		3		CD																												R4		9		AB

		11		4		CD																												R5		4		BC

		12		7		ABC																												R5.5		6		ABC

		13		3		CD																												R6		4		BC

		14		3		CD																												R6.5		3		BC

		UNTRT		0		D																												R7		8		ABC

																																		UNTRT		0		C





		



Weeks After Emergence

Percent Reduction

Single Rate Application of 2,4-D Yield Reductions

CD

AB

ABC

AB

A

ABC

AB

BC

BC

CD

CD

ABC

CD

CD

D



		



Growth Stage at Application

Percent Reduction

Single Rate Application of 2,4-D Yield Reduction
 By Growth Stages

AB

BC

ABC

A

A

ABC

AB

AB

AB

AB

BC

ABC

BC

BC

ABC

C



		14DAT										28DAT

		TRT		% Injury								TRT		% Injury

		1		12		B						1		4		E

		2		14		B						2		13		BCD

		3		13		B						3		10		CD

		4		21		A						4		18		AB

		5		23		A						5		18		AB

		6		23		A						6		14		BC

		7		25		A						7		21		A

		8		14		B						8		11		CD

		9		9		BC						9		4		E

		10		2		D						10		3		E

		11		4		CD						11		2		E

		12		5		CD						12		3		E

		13		4		CD						13		2		E

		14		1		D						14		4		ED

		Untreated		0		D						Untreated		0		E





		



Weeks After Emergence

Percent Reduction

B

B

B

A

A

A

A

B

BC

D

CD

CD

CD

D

D



		



Weeks After Emergence

Percent Reduction

E

BCD

CD

AB

AB

BC

A

CD

E

E

E

E

E

DE

E



		TRT		Reduction

		1		3		EFGH

		2		5		BCDEF

		3		3		EFGH

		4		9		B

		5		6		BCD

		6		7		BC

		7		12		A

		8		8		B

		9		5		BCDE

		10		4		CDEFG

		11		3		DEFGH

		12		3		DEFGH

		13		2		EFGH

		14		1		FGH

		Untreated		0		H





		



Weeks After Emergence

Percent Reduction

EFGH

BCDEF

EFGH

B

BCD

BC

A

B
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CDEFG
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DEFGH

EFGH

FGH

H





Dicamba Drift from Cotton



A Year in Review (2016)
- 13 states reported dicamba drift from 

Xtend fields

- Approximately 300,000 acres of soybean 
damaged in Midsouth

- Over 175 formal complaints in AR, TN, 
MO Bootheel

- Damage to peaches, tomatoes, peas, 
peanuts, watermelons, cantaloupes



Arkansas Restrictions on Dicamba 
• Dicamba acid and DMA salt formulations –

Banned

• DGA and NA salt formulations (Clarity, 
XtendiMax, Status) – Can’t be applied after 
April 15

• BAPMA salt formulation (Engenia) – 100 ft 
buffer on all four sides and ¼ mile downwind 
toward sensitive crops



Roundup 
Ready® 2 Xtend

Soybean 

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn

0 to 2.5 m
ph w

ind

XtendiMax Application Requirements



XtendiMax Application Requirements

Roundup 
Ready® 2 Xtend

Soybean 

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

3 to 10 mph wind)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn



Roundup 
Ready® 2 Xtend

Soybean 

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn

XtendiMax Application Requirements



Roundup 
Ready® 2 Xtend

Soybean 

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn

3 to 10 m
ph w

ind

XtendiMax Application Requirements



Roundup 
Ready® 2 Xtend

Soybean 

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn

3 to 10 m
ph w

ind

XtendiMax Application Requirements

20% chance of rain next day



XtendiMax Application Requirements

Roundup 
Ready® 2 Xtend

Soybean 
3 to 10 mph wind)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn

Corn



Roundup 
Ready® 2 Xtend

Soybean 

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Susceptible Crop 
(RR soybean, LL 

soybean, 
conventional 

soybean, Enlist 
soybean, 

vegetables, 
vineyards, etc.)

Corn

Corn

Sensitive Area (field edge, grass strip, tree line)

Sensitive Area (field edge, grass strip, tree line)

3 to 10 m
ph

110 or 220 ft buffer

XtendiMax Application Requirements



How do I control pigweeds 
in this buffer?



D
Applicators are solely responsible and 

liable for off-target movement!
I strongly support the use of dicamba for 
resistance management in the burndown

As the season progresses, the risk 
increases (vegetables, fruits, ornamentals, 
vineyards)

If you are going to spray dicamba, 
remember that Engenia was tested by 
university weed scientists across the U.S. 



Why Glufosinate?

• Controls glyphosate-resistant and dicamba-
resistant weeds

• Greater efficacy than dicamba

• More flexible than dicamba with less 
restrictive guidelines (no buffers, wider array 
of tank-mixes, fewer application 
requirements, easier tank cleanout, etc.)

• Less risk to damage your neighbor’s crop
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